INTRODUCTION
(CP) contributed by L-lysine HCl was ignored and not corrected between diets of the supplemental series, resulting in a slight increase in actual diet CP with each increment of L-lysine HCl. All other amino acids in the basal diet were set to meet or exceed the Ideal Protein ratios calculated at 0.97% digestible lysine (the maximum level of digestible lysine used in this experiment) in order to ensure that none of the amino acids, except lysine, was deficient in any of the test diets. With each increment of L-lysine HCL, dietary level of salt was reduced (from 0.15% to 0.04% in increments of 0.022%) and sodium bi-carbonate was increased (from 0.10% to 0.27% in increments of 0.034%) to maintain similar dietary electrolyte balance (Na+K-Cl) among all test diets.
Exp. 1 was conducted in two houses, situated in the same vicinity and managed in a similar way. A total of 1,500 day-old straight-run chicks (Hubbard×Hubbard) were reared on a common starter diet for the first 4-days of age. At the 4 th day of age, feed was removed for eight hours and chicks were weighed individually. On the basis of similar body weights, a total of 840 chicks was selected and randomly divided into 42 floor pens (20 chicks per pen) so that average initial body weight and range were alike among all pens. Individual pen measurement was 6×3.5 ft 2 . Out of the total 42 pens, 24 were in House-I and 18 were in House-II. Each of the six experimental diets was then randomly assigned to 7 pens (4 each in House-I and 3 each in house-II). Birds were offered feed and water for adlibitum intake, and 24 h light was provided. The experiment was conducted during 4-21 days of age. At Day 21, feed intake, body weight gain, mortality, and FCR were recorded on a pen basis.
Experiment 2
The experiment was conducted during the month of August 2004. Daily low-high temperature was recorded at 8 a.m. and 6 p.m., respectively, throughout the course of study. A practical-type lysine deficient basal diet was prepared, based on analyzed amino acid content of the main raw materials, to contain 0.72% total lysine (0.6% digestible lysine). Composition of the lysine deficient basal diet is given in Table 1 . The basal diet was supplemented with 0, 0.076, 0.152, 0.228, 0.304 and 0.380% L-lysine HCL to obtain total lysine levels of 0.72, 0.78, 0.84, 0.90, 0.96 and 1.02%, respectively. Corresponding digestible lysine levels were calculated to be 0.60, 0.66, 0.72, 0.78, 0.84 and 0.90%, respectively. All other amino acids in basal diet were set to meet or exceed the Ideal Protein ratios (Mack et al., 1999) calculated at 0.90% digestible lysine (the maximum level of digestible lysine used in the supplemental series) in order to ensure that the response of lysine should not be restricted by the deficiency of other amino acids. With each increment of L-lysine HCL, dietary level of salt was reduced (from 0.18% to 0.06% in increments of 0.024%) and sodium bicarbonate was increased (from 0.12% to 0.28% in increments of 0.032%) to maintain similar dietary electrolyte balance (Na+K-Cl) among all test diets.
A total of 1,000 day-old straight-run chicks (Hubbard×Hubbard) were reared on a common starter diet for first 21-days of age. At the 21 st day of age, feed was removed for eight hours and chicks were weighed individually. On the basis of similar body weights, a total of 480 chicks was selected and randomly divided into 24 floor pens (20 chicks per pen) so that average initial body weight and range were alike among all pens. Individual pen measurement was 6×3.5 ft 2 . Each of the experimental diets was then randomly assigned to 4 pens. Birds were offered feed and water for ad-libitum intake, and 24 h light was provided. At 40 days of age, feed intake, body weight gain, FCR, and mortality were recorded on a pen basis.
Statistical analysis
Feed intake and total body weight gain was recorded at 21 days (Exp. 1) or 40 days (Exp. 2) posthatch and were used to calculate the body weight gain and FCR for All other amino acids were set to meet or exceed the ideal ratios (relative to digestible lysine) as calculated with reference value of 0.97% digestible lysine for 4-21 days and 0.90% digestible lysine for 21-40 (Mack et al., 1999 respective experiments; mortality was recorded daily and the weight of dead birds was used to correct the FCR. Data regarding feed intake, gain, FCR and mortality were subjected to Analysis of Variance according to a Completely Randomized Design, using Minitab. The differences for all parameters were tested according to the following statistical model:
Where, Y ij equals the variance associated with a parameter, u is the overall mean, T i is the treatment effect, and e ij is the error term. Pens were treated as experimental units and where the differences between treatments reached the conventional level of significance (p<0.05) mean separation was calculated using the Tukey's test.
Quadratic regression analysis (Y = a+bx+cx 2 ) was fitted to calculate the optimum lysine requirement for gain and FCR; 0.95 of the maximum or minimum response was considered as "requirement" in each case.
RESULTS AND DISCUSSION
The test diets of the present study closely mimicked practical-type broiler diets used in Pakistan in terms of choice of raw materials and nutrient density. Average daily low-high temperature was found to be 28-40°C in Exp. 1, and 23-36°C in Exp. 2. These temperatures were stressful for birds, as observed by severe panting and very low feed intakes during the hot hours of the day.
Results of Exp. 1 are given in Table 2 . Analysis of variance showed that the house effect was non-significant for each of the parameters studied, so the data were combined. Feed intake, body weight gain, and FCR were significantly (p<0.05) affected by dietary treatments. Weight gain, feed intake, and feed efficiency improved quadratically (p<0.05) with incremental dietary lysine addition. Quadratic regression analysis (Figure 1 ; Table 4 ) revealed a requirement (95% of maximum or minimum values) of 0.98% and 0.97% total lysine (0.85 and 0.84% digestible lysine) for body weight gain and feed efficiency, respectively.
Similar trends were observed in Exp. 2. Feed intake, body weight gain, and feed efficiency were significantly (p<0.05) depressed by the basal (un-supplemented) diet. Supplementation of increments of lysine to the basal diet improved feed intake, gain, and FCR quadratically (p<0.05). Quadratic regression analysis (Figure 2 ; Table 4 ) revealed a requirement (95% of maximum or minimum values) of 0.87% total lysine (0.75% digestible lysine) for both body weight gain and feed efficiency. Overall mortality did not exceed 3% in each experiment, and no treatment effect was found (data not shown).
The poor live weight performance of broilers fed the basal diets and the responses to supplemental L-lysine indicated that the basal diets were severely deficient in lysine (Tables 2 and 3 ). The performance depression could, at least in part, be attributed to the low feed intake as a result of feeding diets with amino acid imbalances (Byungchul Park, 2006) . Requirement of lysine for gain and feed efficiency were similar in each experiment. Others have reported a higher requirement for feed efficiency than for gain Baker et al., 2002) . Leclercq (1998) has shown that there is a hierarchy of lysine requirement i.e., the requirement for maximum gain is lower than that for breast meat yield, which is, in turn, lower than that for feed efficiency; and lastly the requirement for minimum abdominal fat percentage is the highest. On the other hand, other amino acids like threonine, valine, isoleucine and tryptophan, do not show differential requirement for gain vs. feed efficiency (Leclercq, 1998; Baker et al., 2002) .
We studied the lysine requirement using the lownutrient-density diets under heat-stress conditions. Thus, a direct comparison of the requirement established in this study with those reported by others is difficult; as dietary levels of ME and/or CP could affect the absolute requirement of amino acids (Gong et al., 2005) . Most such studies used basal diets that contain around 3,200 kcal per kg ME or even higher. However, if we scale the lysine requirement as a proportion of ME, the body weight gain and feed efficiency seems to optimize at ratios of 3.63 g total lysine (or 3.15 g digestible lysine) per Mcal ME in Exp. 1, and 3.16 g total lysine (or 2.73 g digestible lysine) per Mcal ME in Exp. 2. Similar calculations based on lysine and ME requirements outlined by NRC (1994) revealed a corresponding figure of 3.44 g total lysine (or 3.10 g digestible lysine) per Mcal ME for 4-21 days of age, assuming 90% lysine digestibility in standard corn-soy based diets (Parsons, 1991) . For the grower phase (21-42 days), NRC (1994) suggested a value of 3.13 g total lysine (or 2.82 g digestible lysine) per Mcal ME. It seems that for both phases, our results, expressed as digestible lysine per Mcal ME, were similar to the values listed by NRC (1994), even though our study was conducted under feeding and housing conditions which were very different from those studies that NRC (1994) was based on.
The digestible lysine requirement for 21-42 days of age for body weight gain as shown by Han and Baker (1994) was 0.85% and 0.78%, respectively, for male and female broilers. Average of both values (mixed sexes) was 0.82% digestible lysine. The test diets contained 3,200 kcal per kg ME, so the digestible lysine requirement was 2.56 g per Mcal ME, a value that was lower than our estimate of 2.73 g per Mcal ME for broiler chickens of 21-40 days of age. This difference could be partially explained by different regression techniques used to calculate the requirements. Han and Baker (1994) used broken-line regression which underestimates the requirement compared with quadratic regression analysis (Morris, 1989; Mack et al., 1999; Baker et al., 2002) . It was also possible that the chronic high ambient temperature during the finishing period increased lysine requirement of the birds, as demonstrated by Corzo et al. (2003) . It seems from the above discussion that the idea of specifying lysine requirement of broilers as fixed ratios of lysine (more precisely digestible lysine) to ME may hold some promise. This concept would simplify broiler feed formulation technique, particularly for regions where nutrient densities of commercial feeds varied greatly from the "standard" (or NRC recommended) levels. Once the digestible lysine to ME ratios were established, specifications on all other essential amino acids could be deduced according to Ideal Protein Ratios Mack et al., 1999; Baker et al., 2002) .
